Placenta previa poses a high risk for massive hemorrhage, from the antenatal period until after Cesarean section. This condition increases the risk of maternal and neonatal mortality and morbidity. In cases of placenta previa, the prenatal prediction of sudden bleeding during pregnancy and blood loss during Cesarean section, and the assessment of risk for adherence of the placenta using an ultrasound examination, can improve the perinatal outcome. Therefore, ultrasonographic findings associated with the prediction of massive bleeding in cases of placenta previa are reviewed in this article.
Introduction
Placenta previa increases the risk of maternal and neonatal mortality and morbidity due to massive hemorrhage. Problems of massive bleeding associated with placenta previa occur not only during pregnancy, but also at and shortly after the Cesarean operation. The morbidities associated with placenta previa include hysterectomy [relative risk (RR) ¼ 33.26, 95% confidence interval (CI) ¼ 18.19e60 .89], antepartum bleeding (RR ¼ 9.81, 95% CI ¼ 8.92e10.79), intrapartum (RR ¼ 2.48, 95% CI ¼ 1.55e3.98), and postpartum (RR ¼ 1.86, 95% CI ¼ 1.46e2.36) hemorrhages, as well as the need for blood transfusion (RR ¼ 10.05, 95% CI ¼ 7.45e13.55) [1] .
Prenatal assessment of factors associated with a high risk of excessive blood loss during pregnancy, and around the Cesarean section, would improve the preparation and management of surgery, including the necessity for admission to hospital, preservation of autologous blood, and the timing of the Cesarean section. Therefore, in this article, we review and discuss the ultrasonographic findings that can be used to predict a massive hemorrhage associated with placenta previa.
Hemorrhage during pregnancy
The mechanisms of hemorrhage resulting from placenta previa during pregnancy are not clearly known. However, when the placenta is present in a low uterine segment, it can be easily detached from the decidua basalis, even when only slight uterine contraction and effacement occur. Abnormal placentation and a poor blood supply from the uterine wall at the lower segment of the uterus, may lead to active hemorrhage during pregnancy.
In our experience, an emergency Cesarean section was needed due to uncontrollable hemorrhage in 66.7% of patients who had antenatal bleeding. An emergency Cesarean section was performed in 3.2% of patients who had no episode of antenatal bleeding, due to uncontrollable uterine contractions before the date of the planned Cesarean section [2] . Thus, it would improve the antenatal management of patients with placenta previa if the risk of bleeding during pregnancy could be predicted. Saitoh et al [3] demonstrated that the risk of antenatal massive hemorrhage is higher (83.3%) in cases with an echo-free space in the placental edge overlying the internal os compared to the other locations (7.7e10%). They suggested that the echo-free space in the marginal area of the placenta (an area associated with a turbulent blood flow) was either a placental sinus or varices that developed in the decidual tissue. Our previous retrospective study also demonstrated that in ultrasonographic findings at 20 weeks of gestation, the frequency of a marginal sinus (similar to the findings reported by Saitoh et al [3] ) was slightly higher (16%) in cases with bleeding episodes compared to those without (0%) [2] . Although the pathophysiological changes associated with the marginal sinus have not been well clarified, we hypothesized that an expanded marginal sinus indicates the retention of maternal blood flow in the intervillous space and decidual tissue, which may collapse occasionally due to uterine contraction, thus resulting in a large amount of hemorrhage during pregnancy.
Contractions, cervical effacement, and dilatation during the third trimester, may cause the separation of the placenta, leading to unavoidable abnormal antenatal bleeding in cases with placenta previa [4] . It is common practice to measure the cervical length using transvaginal ultrasound to predict preterm delivery. It is interesting to note that Ghi et al reported a possible association between the cervical length and the risk of preterm hemorrhage in patients with complete placenta previa [5] . Although the cervical length did not differ significantly between cases with and without prepartum bleeding, it was significantly shorter among patients who underwent an emergency Cesarean section at <34 weeks, due to massive hemorrhage compared with patients who underwent an elective Cesarean section. In our previous study [2] , we found that the cervical length just prior to delivery was not different between the cases, with and without an emergency Cesarean section in subjects with complete, partial and marginal placenta previa. Stafford et al [6] recently demonstrated that a third trimester cervical length of 30 mm or less was associated with an increased risk for hemorrhage (76% vs. 28%) in pregnancies with placenta previa, and that tocodynamometer evidence of regular uterine contractions was more common in subjects with a short cervix (69%) than in those with a longer cervix (21%).
It was reported by Ghourab that patients who had a low-lying placenta with a thick edge, had a significantly higher rate of antepartum hemorrhage (88.2%) compared with those who had a thin edge (40.7%), and who required an emergency Cesarean section before 36 weeks of gestation (64.7% vs. 29.6%) [7] . Ghourab speculated that this might be explained by the abundant vasculature of the lower placental edge and the subplacental zone, and interference of a thick-edged placenta with the descent of the fetal head. On the other hand, although the placenta generally grows preferentially toward a better vascularized field (trophotropism), a placenta overlying a less vascularized cervix may undergo atrophy [8] . Because some vascular and placental structural abnormalities, such as velamentous cord insertions (vasa previa), abruptio placentae, placenta accretae, accessory placentas, and placental infarctions, are frequently seen in cases with cord insertion or when the placenta is located on the lower uterus [9e15], we hypothesized that placentas coexisting with such placenta abnormalities were more likely to detach from the decidua basalis, resulting in frequent antenatal bleeding. However, the frequencies of bleeding were not different between subjects with and without such placental complications [2] .
Oyelese and Smulian have mentioned that contractions and cervical effacement and dilatation during the third trimester, can cause separation of the placenta, which leads to small amounts of bleeding. This bleeding may stimulate further placental separation and unavoidable bleeding [4] . However, these placental separations are not clearly predictable using ultrasonography, because the adaptation of the placenta at the uterine isthmus may vary from case to case in advancing gestation. Though some ultrasonographic findings, such as a short uterine cervix and marginal sinus, are associated with antenatal bleeding from placenta previa, these findings were evaluated in the third trimester. Therefore, the obstetrician should be aware that sudden bleeding during pregnancy may occur in patients with placenta previa, even if no such ultrasonographic findings are detected during the second trimester.
Hemorrhage during Cesarean section
Patients with placenta previa often have a risk of massive bleeding during Cesarean section. According to a univariate analysis of predisposing factors for massive hemorrhage during Cesarean section in patients with placenta previa in our institution [16] , advanced maternal age (OR ¼ 3.1, 95% CI ¼ 1.3e7.5) and a history of a previous Cesarean section (OR ¼ 7.3, 95% CI ¼ 1.9e28.2) were associated with massive bleeding. The frequencies of massive bleeding were higher in cases in which the placentas were located on the anterior wall (OR ¼ 3.5, 95% CI ¼ 1.1e11.2) and/or were located on the previous Cesarean wound. The presence of lacunae in the placenta (OR ¼ 2.8, 95% CI 1.0e7.6), sponge-like findings in the cervix (OR 4.6, 95% CI 1.7e11.9) and a lack of a clear zone were also associated with massive bleeding during the Cesarean operation. Adherence of the placenta diagnosed at Cesarean was also associated with massive bleeding, and had the highest odds ratio among these variables (OR 18.2, 95% CI 1.9e170.7).
Placenta accreta is one of the leading reasons for performing a Cesarean hysterectomy [17] . The risk of placenta accreta is related to maternal age and to the number of previous Cesarean deliveries [18e20]. The risk of having placenta accrete increased from 24% in patients with one prior Cesarean section to 67% in those with 3 or more prior Cesarean sections [20] . Numerous reports have addressed the antenatal ultrasonic prediction of placental adherence [3, 7, 18, 21] . Irregularlyshaped placental lacunae within the placenta, thinning of the myometrium overlying the placenta, loss of the retroplacental clear zone, protrusion of the placenta into the bladder, and increased vascularity of the uterine serosa/bladder interface were reported to be sonographic features suggestive of placental adherence [4, 21, 22] . Placenta accreta is thought to be due to an absence or deficiency of Nitabuch's layer or the spongiosus layer of the decidua. Histology usually shows that the trophoblasts have invaded the myometrium without any intervening deciduas [8] . Pasto et al [23] made the first suggestion that a lack of retroplacental clear space detected using ultrasonography might be an abnormal sign in patients with placenta accreta. This area is seen beginning in week 12 and was thought to correspond to the dilated vessels of the decidua basalis [22] . A lack of a clear zone has often been suggested as one of the ultrasonographic findings which may prompt suspicion of the pathological adherence of the placenta [4,16,22e24] . In regard to the ultrasonic findings, the lack of a clear zone was found to have a sensitivity of only 57% and a false-positive rate of 48.4% [22] . After 20 weeks of gestation, the sensitivity of this finding increased, with values of 80% [22] .
Placenta lacunae have also been discussed as one of the ultrasonographic findings for predicting placenta accreta [4,16,21,22,25e28] . Intraplacental lacunae are vascular lakes of various sizes and shapes seen within the placental parenchyma. Comstock et al [22] found that at 15 to 20 weeks of gestation, the presence of lacunae in the placenta was the most predictive sonographic sign of a placenta accreta, with a sensitivity of 79% and a positive predictive value of 92%. Finberg and Williams [25] demonstrated that the number of lacunae was associated with complications related to placental adherence. Yang et al [27] classified the sonographic findings of intraplacental lacunae into one of four grades, and demonstrated that the presence of Grade 2þ lacunae (defined as four to six larger or more irregular lacunae present) was strongly associated with placental adherence.
For such ultrasonographic findings, our multivariable analysis showed that a placenta located on the previous Cesarean section wound (OR ¼ 123.1, 95% CI ¼ 4.5e3395.2) and the lack of a clear zone (OR ¼ 48.0, 95% CI ¼ 3.8e604.7) were associated with placental adherence [16] . On the other hand, Hamada et al. demonstrated that placenta lacunae were observed in 31.4% and 9.7% of cases with and without placenta previa (OR ¼ 4.2, 95% CI ¼ 2.3e7.9). The lack of a clear zone was observed in 5.7% and 0.9% of cases with and without placenta previa (OR ¼ 7.0, 95% CI ¼ 1.5e32.0). Since the decidua basalis is thinner in the lower uterine segment than in the uterine body, the finding of the lack of a clear zone would be more frequently observed in cases with placenta previa, even without adherence. The contraction and cervical effacement and dilatation that occur in the third trimester cause separation of the placenta, which leads to a small amount of bleeding in placenta previa cases [4] . Such bleeding might also cover the presence of the retro-placental clear zone.
A logistic regression analysis in our previous study revealed that advanced maternal age, previous Cesarean section and sponge-like findings of the cervix were associated with massive bleeding during Cesarean section [16] . Sponge-like findings are defined at our institution when five or more hypo-echoic areas >5 mm in diameter are detected in the cervix. Additionally, the correlation between sponge-like findings and perinatal maternal massive hemorrhage has been reported previously [3, 29, 30] . Both the incidence of preterm delivery, due to sudden massive hemorrhage, and the amount of bleeding during Cesarean section, were significantly higher in cases in which two-thirds of the placenta covered the internal os and a sponge-like echo were found [3] . Hurton et al [31] reported that the areas with sponge-like echoes were most likely composed of clusters of richly-developed blood vessels (presumably varices with various degrees and patterns of dilatation). Two reports presumed that the sponge-like findings were cervical varices [29, 30] . The sponge-like findings seems to be associated with massive intraoperative hemorrhage in cases with placenta previa, regardless of the placental adherence.
Mimura et al [32] demonstrated a significant negative correlation between the amount of bleeding and the cervical length (r ¼ e0.344, p < 0.001), regardless of the existence of placental adherence. The odds ratio for massive bleeding (>2500 mL) in cases with short cervical lengths (<25 mm) was 7.6 (95% CI ¼ 2.4e23.8) in comparison to cases with long cervical lengths. Postpartum hemorrhage is caused by uterine atony, contributing to about 80% of the cases, and other causes include genital tract trauma, pathological placentation, and so on [33] . Reynolds et al noted that contractions start in the fundus and progressively propagate toward the cervix, and that the strength of contractions was greatest at the fundus and least at the cervix [34] . Margono et al. reported the relationship between the upper and lower uterine contractions in different subsets of patients [35] . They noted that the contraction of the uterine low segment after placenta removal may be weaker than that of upper part of the uterus [34] . Most of the hemorrhage during Cesarean section is uterine incisional bleeding and bleeding from the surface of the placental separation. In cases with placenta previa, because the placenta is located on the lower uterine segment, the bleeding during surgery may be greater due to uterine atony around the cervical os, than in cases where the placenta is on the uterine body. Furthermore, when the cervix is shortened, this could mean that the lower segment is widely extended, making the contraction weaker. It is plausible that a short cervical length in cases with placenta previa is associated with the massive bleeding during the operation.
Similar to placenta previa, a low-lying placenta is also associated with massive bleeding around delivery, due to atony in the lower uterine segment. However, we recommend vaginal delivery even in cases with a low-lying placenta, to reduce the amount of bleeding during delivery, especially from uterine incisional bleeding, based on the report from Nakamura et al [36] who demonstrated that 86.9% of cases with a low-lying placenta and non-reassuring fetal status had successful transvaginal deliveries without increased bleeding during labor.
Conclusion
Although sudden massive bleeding during pregnancy may occur in patients with placenta previa, regardless of the presence or absence of any abnormal ultrasonographic findings, a short uterine cervical length in the third trimester and sinus venosus at the margin of the placenta may predict an increased risk of antenatal bleeding in pregnant women demonstrating placenta previa.
During a Cesarean section, advanced maternal age, a history of a previous Cesarean section, and the presence of sponge-like findings, are risk factors for massive bleeding in patients with placenta previa, regardless of the existence of placental adherence. The ultrasound findings of a placenta located on the previous Cesarean section wound, and a lack of a clear zone, are serious risk factors for placental adherence.
